import stress where stalled substrates accumulate within TOM and are exposed to the cytosol, Pdr3 induces the mitoCPR, which involves binding of Cis1 to TOM and the specific recruitment of Msp1 to extract the substrates for proteasomal degradation.
Perspective
While the findings of Weidberg and Amon [6] represent an impressive step forward in understanding cellular responses to mitochondrial stress, interesting questions remain pertaining specifically to the mitoCPR. For example, does the mitoCPR only clear stalled import substrates, or does it also increase mitochondrial import capacity? Going forward, it will also be exciting to understand how the mitoCPR integrates or interacts with the other mitochondrial stress response pathways triggered by impaired mitochondrial protein import. At least two additional pathways are intimately linked to mitochondrial protein import, including mitophagy mediated by the kinase Pink1 and the UPR mt , which is regulated by the transcription factor ATFS-1 in worms and ATF4 and ATF5 in mammals [13, 14] . Pink1, ATFS-1 and ATF5 are negatively regulated by mitochondrial protein import. If Pink1 fails to be imported, it accumulates in the mitochondrial outer membrane to initiate degradation of the defective mitochondrion [3] . If ATFS-1 fails to be imported, it traffics to the nucleus and induces a broad transcriptional response to promote mitochondrial recovery [2] . Are both pathways activated by the mitochondrial import stress described by Weidberg and Amon, or might Cis1 and Msp1 regulate import or extraction of ATFS-1 or Pink1 to impact the UPR mt and mitophagy, respectively? Finally, it will be interesting to discover how Pdr3 activation relates to mitochondrial import stress. Might it be similar to the regulation of ATFS-1 or Pink1, or even regulated by Cis1 and Msp1-mediated extraction? In conclusion, the findings by Weidberg and Amon demonstrate that eukaryotes have evolved an elegant mechanism to resolve a complication associated with the acquisition of a prokaryote and its transition to mitochondria. To maintain mitochondrial protein import fidelity and prevent the accumulation of mislocalized proteins, the mitoCPR is activated to rid mitochondria of stalled import substrates. Maintaining cohesion between sister chromatids during the first meiotic cell division is crucial for preventing oocyte aneuploidy. In a new paper in Current Biology, Yi and colleagues present evidence that the Small Ubiquitin-related Modifier (SUMO) pathway protects centromeric sister cohesion during the meiosis I-II transition in mouse oocytes.
Accurate chromosome segregation at the time of cell division is essential for the generation of healthy new cells. Errors lead to cells possessing wrong numbers of chromosomes, a situation termed aneuploidy, which invariably poses a threat to cellular health. In mitotic cells, replicated chromatids are held together prior to cell division by complexes aptly named cohesins. Cleavage of cohesins is one of the key events of cell division, allowing sister chromatids to be pulled apart and dispatched, by the spindle, towards the two newly forming daughter cells, in a stage of the cell cycle called anaphase. In oocyte meiosis, the chromosomal cohesion puzzle is far more complex, yet it is important to understand since cohesion-related defects have long been linked to oocyte aneuploidies that cause infertility in humans [1] . In a new paper published in Current Biology, Yi et al. report that the small ubiquitinrelated modifier (SUMO) pathway may be a previously unappreciated part of this puzzle [2] . In meiosis-I, the chromosomal unit consists of replicated homologous chromosomes, for a total of four chromatids. The four are held together by cohesins along the arms of homologous chromosomes, and at centromeric regions of sister chromatids (Figure 1 ). In this way, the kinetochores of sister chromatids are adjacent and preferentially connect to microtubules from the same pole of the spindle. During meiosis-I, homologous chromosomes are separated, requiring that cohesins along chromosome arms are lost at anaphase onset, whereas centromeric cohesins between sister chromatids are retained. Chromosome-arm cohesion is lost by activation of the anaphase promoting complex/cyclosome (APC/C), which targets the destruction of the Separase inhibitor Securin, licensing Separase to cleave cohesion [3, 4] . Importantly, however, centromeric cohesin is protected from Separase by the presence of Shugoshin-2 (Sgo2), thus allowing sister chromatids to remain tightly attached as they are moved towards the At metaphase I, the APC/C is inactive and Securin prevents Separase activation. Upon APC/C activation at the onset of anaphase I, Securin becomes degraded, resulting in Separase activation. As a consequence, cohesion protein complex on chromosomal arms is disassembled and chromosomes can segregate towards the opposite spindle poles. Centromeric cohesion remains intact at anaphase onset due to the presence of Sgo2. As the chromosomes are pulled apart towards the spindle poles, Sgo2 is lost from the centromeric regions. However, SUMOylation mediated by the E3 SUMO-ligase PIAS1 reciprocally increases at kinetochorecentromere regions and protects sister chromatid cohesion from late anaphase I and telophase I onwards.
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Dispatches spindle poles during anaphase I [5, 6] . Maintaining this connection between sisters throughout the entirety of anaphase and telophase of meiosis-I is essential since prematurely individualised sister chromatids run the risk of being missegregated in meiosis-II. However, Sgo2 is no longer detectable at the centromeric regions shortly after the onset of anaphase [2, 7] , raising the question of how cohesion between sister chromatids is retained throughout late anaphase and telophase. Yi and colleagues [2] first set out to identify novel players in chromosome segregation at the oocyte kinetochore, using the kinetochore protein CENP-C as bait in a two-hybrid yeast screen. Amongst several partners identified, the authors honed in on PIAS1, an E3 SUMO protein ligase. SUMOylation reversibly conjugates SUMOs to a range of proteins to regulate various cell processes. Whilst SUMOylation plays multiple roles in cell division [8] , little is known of its role in oocyte meiosis. The authors found that PIAS1 localizes to the kinetochorecentromere region of chromosomes throughout oocyte meiosis. PIAS1 was more evident at centromeric regions at late anaphase and telophase of meiosis-I than at metaphase, and this spatiotemporal pattern coincided with the levels of SUMO 2 and SUMO 3 detected at the kinetochore-centromere region. Importantly the authors demonstrated that this pattern of PIAS1-SUMO localisation is the reverse of Sgo2, which is lost from centromeric regions shortly after the onset of anaphase I, and remains undetectable until the end of telophase I. This led Yi et al. [2] to speculate that PIAS1-SUMO might somehow deputise for Sgo2 in protection of centromeric cohesion once Sgo2 has left.
In order to test their hypothesis, the authors used a kinetochore-anchored dominant-negative form of PIAS1 as a tool to inhibit the SUMO pathway specifically at the kinetochorecentromere region. This reduced SUMOylation at the centromere, as expected, and caused a decrease in the level of cohesion-complex components that could be detected at centromeres. As a result, oocytes progressed to metaphase of meiosis-II while still harbouring large numbers of prematurely separated sister chromatids, suggesting the requirement of SUMOylation in maintenance of cohesion between sister chromatids. The centrepiece of the paper is a deft experiment designed to demonstrate that PIAS1-SUMO serves to prevent premature sister-chromatid separation, particularly in late-anaphasetelophase, after the protective shield of Sgo2 has expired. The authors inserted a domain of the cohesin component Rec8 into their kinetochore-anchored PIAS1-dominant-negative construct, such that Separase activation at anaphase onset caused Rec8 to be cleaved and the construct to be lost from the kinetochore. The effects of this tool were then compared with a similar construct in which the Rec8 component was mutated to be non-cleavable, causing the PIAS inhibitor to remain at the kinetochore throughout anaphase. Sister chromatids separated prematurely in oocytes expressing the non-cleavable construct, which remained at the kinetochore throughout anaphase-I. However, importantly, sister cohesion remained intact in oocytes expressing the cleavable version in which PIAS inhibition at the kinetochore is removed at anaphase. Therefore, PIAS1 is necessary at the kinetochore-centromere region to maintain sister cohesion, especially in late anaphase and telophase.
Whilst these experiments provide strong evidence that the PIAS1-SUMO pathway helps to maintain sister-sister cohesion in late anaphase and telophase of meiosis-I, it remains to be determined which factors are SUMOylated to protect centromeric cohesion. The authors speculate that either the meiotic cohesion Rec8 itself or some component of the cohesin-removal pathway are possible targets for SUMOylation. Intriguingly, the data also allude to a broader role for SUMO in oocyte meiosis. Most strikingly, PIAS1 inhibition at the kinetochore also reduced the abundance of Sgo2 at centromeres in metaphase of meiosis-I. This reduction is not sufficient to cause sister cohesion to be lost, and thus a role for SUMO in Sgo2 localisation is likely distinct from the role of PIAS1-SUMO in late anaphase. Additionally, inhibition of PIAS1 at the kinetochore appears to cause some chromosome misalignment in metaphase-II that is not associated with cohesion loss. Thus, the data suggest that SUMO may be complicit in other aspects of meiosis-I in oocytes, an observation worthy of further exploration.
Understanding the mechanisms by which chromosome cohesion is established and maintained is of acute importance in the mammalian oocyte. Recent experiments employing oocytes from mice of advanced age, as a model of human aging, have shown that meiotic chromosome cohesion in oocytes is progressively lost with age [9, 10] , an observation that has been confirmed directly in human oocytes [11] , providing at least part of the explanation as to why oocytes from older females are more likely to be aneuploid. Whilst a reduction in Sgo2 has been noted in aged oocytes [10, 12] , some unwanted age-related cohesion loss may ensue after anaphase of meiosis-I [12] . It will therefore be interesting to determine whether a deficit of the PIAS1-SUMO pathway at kinetochores is implicated in age-related premature separation of chromatids. Additionally, it will be important to determine whether similar mechanisms of protecting the centromeric cohesion between sister chromatids are in play in human oocytes, where sister kinetochores are more separated, even in oocytes from younger women [13, 14] .
Nuclear pore complexes are the transport gates to the nucleus. Most proteins forming these huge complexes are evolutionarily conserved, as is the eightfold symmetry of these complexes. A new study reporting the structure of the yeast nuclear pore complex now shows striking differences from its human counterpart.
Nuclear pore complexes (NPCs) are the essential gatekeepers of the nucleus and form sites of entry and exit by fusing the two membranes of the nuclear envelope. These gateways restrict the diffusion of macromolecules between the cytoplasm and the nucleoplasm and, at the same time, allow -with the help of nuclear transport factors -the highly efficient directed passage of proteins, nucleic acids and RNA-protein complexes across the nuclear envelope. Because of their essential transport function, NPCs are present in all nucleated cells of eukaryote organisms and, where analyzed, they show an iconic eightfold symmetry. Most of the proteins that form the NPCs -the nucleoporins -are evolutionarily conserved. Therefore, it has been assumed that the overall structural assembly of nucleoporins within NPCs would be conserved as well. A recent study in Nature analyzing the NPC in the yeast Saccharomyces cerevisiae now challenges this view [1] .
By an integrative modeling approach, which builds on and extends previous seminal work from the same laboratory [2] , the authors generated a model of the yeast NPC structure. In this work, careful quantitative mass-spectrometry was used to determine the stoichiometry of nucleoporins within a NPC. Proximity labeling, where chemical crosslinking of nucleoporins is combined with mass spectrometry, was implemented to reveal nucleoporin interactions as well as the orientations, respective positions and conformations of individual nucleoporins. These data were used to model known crystal structures into a newly acquired cryo-electron tomography structure of the yeast NPC.
The eightfold symmetry of NPCs is obvious when these complexes are viewed by electron microcopy from the cytoplasmic or nucleoplasmic side. The core structure is formed by eight spokes: in addition, eight cytoplasmic filaments extend on the external side and eight nucleoplasmic filaments connect to a structure termed the nuclear basket on the nucleoplasmic side. In a side view (Figure 1) , it becomes obvious that the NPC core structure is formed by a stack of rings: an inner ring is sandwiched between two outer rings, the nucleoplasmic and cytoplasmic rings. The inner ring connects to transmembrane nucleoporins and the pore membrane, i.e. the membrane region connecting the outer and inner nuclear membranes of the nuclear envelope. The inner ring also functions as the major anchor point for FG-nucleoporins, named after the multiple phenylalanine-glycine repeats they contain. These proteins form a gel-like matrix within the NPC, which is critical for the exclusion and trafficking properties of the pore. Nuclear transport factors can locally resolve this matrix, allowing the passage of cargos though NPCs.
The new structural model reported by Kim et al. [1] reveals that the yeast NPC
